WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
C25B 9/00, 9/04, H01M 8/02, 8/24 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/40780 

13 July 2000(13.07.00) 



(21) International Application Number: PCT/US99/30202 

(22) International Filing Date: 17 December 1999 (17.12.99) 



(30) Priority Data: 
60/114,557 



31 December 1998 (31.12.98) US 



(71) Applicant: PROTON ENERGY SYSTEMS, INC. [US/US]; 50 

Inwood Road, Rocky Hill, CT 06067 (US). 

(72) Inventors: BYRON, Robert, H., Jr.; 678 Beaumont Highway, 

Lebanon, CT 06249 (US). MOLTER, Trent, M.; 114 
Harvest Lane, Glastonbury, CT 06033 (US). DRISTY, 
Mark, E.; Apartment 107, 141 John Olds Drive, Manchester, 
CT 06040 (US). 

(74) Agent: CURBELO, Pamela, J.; Cantor Colburn LLP, 55 Griffin 
Road South, Bloomfield, CT 06002 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL,.IN, IS, JP, KE, KG, KP, 
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TO, TT, UA, UG, UZ, VN, YU, ZA, ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, TZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: INTEGRATED MEMBRANE AND ELECTRODE SUPPORT SCREEN AND PROTECTOR RING FOR AN ELECTRO- 
CHEMICAL CELL 




(57) Abstract 

The present invention is an integrated screen comprising a screen portion having openings and an integral protector edge disposed 
about the periphery of the screen portion. This integrated screen protector edge can be utilized individually as the membrane support/flow 
field in an electrochemical cell or in conjunction with one or more subsequent screen layers. When utilized with subsequent screen layers, 
the integrated screen protector edge is disposed adjacent to and in intimate contact with the membrane assembly. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


DA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


on 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


CR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauri tenia 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger . 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CII 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


Cote d'l voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DC 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/40780 PCT/US99/30202 



INTEGRATED MEMBRANE AND ELECTRODE SUPPORT SCREEN AND 
PROTECTOR RING FOR AN ELECTROCHEMICAL CELL 



BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates generally to electrochemical cells, and especially relates 
to an integrated membrane, electrode support screen and protector ring that sustains the 
5 integrity and structure of the membrane. 

Brief Description of the Related Art 

Electrochemical cells are energy conversion devices, usually classified as either 
electrolysis cells or fuel cells, including, but not limited to, electrolysis cells having a 

10 hydrogen water feed. A proton exchange membrane electrolysis cell functions as a 
hydrogen generator by electrolytically decomposing water to produce hydrogen and 
oxygen gases. Referring to Figure 1, in a typical single anode feed water electrolysis 
cell 101, process water 102 is reacted at oxygen electrode (anode) 103 to form oxygen 
gas 104, electrons, and hydrogen ions (protons) 105. The reaction is created by the 

1 5 positive terminal of a power source 106 electrically connected to anode 103 and the 
negative terminal of a power source 106 connected to hydrogen electrode (cathode) 
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107. The oxygen gas 104 and a portion of the process water 102' exit cell 101, while 
protons 105 and water 102" migrate across proton exchange membrane 108 to cathode 
107 where hydrogen gas 109, is formed. 

The typical electrochemical cell includes a number of individual cells arranged 
5 in a stack with fluid, typically water, forced through the cells at high pressures (e.g., a 
pressure differential of about 30 psi from the cell inlet to the outlet). The cells within 
the stack are sequentially arranged including a cathode, a proton exchange membrane, 
and an anode. The cathode/membrane/anode assemblies (hereinafter "membrane and 
electrode assembly") are supported on either side by packs of screen or expanded metal, 
which are in turn surrounded by cell frames and separator plates to form reaction 
chambers and to seal fluids therein. The screen packs establish flow fields within the 
reaction chambers to facilitate fluid movement and membrane hydration, and to provide 
mechanical support for the membrane and a means of transporting electrons to and 
from the electrodes. 

As stated above, the screen packs support the membrane and electrode 
assembly. The membrane is typically only about 0.002 - 0.012 inches in thickness 
when hydrated, and the electrodes are thin structures (less than about 0.002 inches) of 
high surface area noble metals pressed or bonded to either side of the membrane and 
electrically connected to a power source. When properly supported, the membrane 
serves as a rugged barrier between the hydrogen and oxygen gases. The screen packs, 
which are positioned on both sides of the membrane against the electrodes, impart 
structural integrity to the membrane and electrode assembly. Due to the high pressure 
differential that exists in an operating cell, however, the membrane and electrode on the 
low pressure side can be forced into the screen packs. 

In the current state of the art, the membrane and electrode are clamped between 
the cell frames and supported in the active area by a screen pack or other similar porous 
device. (See Figure 2) By the nature and design of the assembly, there is a gap 122 
between the frame component 124 and the screen pack 126 that the membrane and 
electrode assembly 128 must span. The pressure on one side of the membrane and 
electrode assembly 128 is generally higher than the pressure on the other side of the 
membrane and electrode assembly 128, and the membrane and electrode assembly, 
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must be capable of supporting this pressure differential. The gap 122 between the 
frame 124 and the screen pack 126 is generally too wide for the membrane and 
electrode assembly 128 to span and support the pressure differential without 
perforating. In addition, edges of the screen pack 130 often have burrs and/or other 
5 features that are likely to puncture the membrane and/or electrode. 

Conventional screen packs have a number of disadvantages and drawbacks. For 
example, existing screen packs 26 comprise multiple layers of screen material formed 
from 0.005 inches (0.127 millimeters (mm)) - 0.010 inches (0.254 mm) thick metal 
strands having pattern openings of 0.125 inches (3.17 mm) by 0.053 inches (1.35 mm) 

10 to 0.071 inches (1 .80 mm) (commonly known as 3/0 screen). Under typical operating 
conditions, a pressure differential of about 390 pounds per square inch (psi) forces the 
membrane assembly into the openings of the first layer of screen on the low pressure 
side of the cell. Due to the extrusion of the membrane into this screen layer, the 
membrane stress in the center of a screen opening increases to about 4,600 psi, while 

15 the membrane material has a maximum rating of only about 2,000 psi. Consequently, 
high axial stresses may force the screen strands into the membrane over time, thereby 
filling the screen void areas with membrane material. Alternatively, the membrane 
may rupture, allowing mixing of hydrogen and oxygen gases. 

The current state of the art addresses both of the problems associated with 

20 pressure differentials and burrs by incorporating a thin metal or polymer protector ring 
132 into the electrochemical cell. This ring 132 supports the pressure load imposed on 
the membrane and electrode assembly 128 over the gap 122 between the cell frame 124 
and screen pack 126. The protector ring 132 also provides an impenetrable barrier for 
the membrane and electrode assembly 128 against the otherwise detrimental screen 

25 pack edge features 130. 

However, protector rings used in conventional devices pose a number of 
problems for the construction and operation of the electrochemical cells. First, the 
protector ring is costly to manufacture, especially when made from materials suitable 
for use in an electrochemical cell, since much of the material is wasted in the 

30 fabrication process. Also, the protector ring is flimsy and difficult to position 

accurately in the cell assembly, and it is also prone to being dislodged from its intended 
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position during the handling associated with the cell assembly process. Finally, 
internal cell dynamics associated with repeated pressure cycles can cause relative 
motion between cell components, which may serve to mislocate the protector ring even 
after successful cell assembly. This may result in the membrane and electrode 
5 ultimately being exposed to the gap and screen pack edge, resulting in perforation and 
cell failure. 

What is needed in the art is a readily manufactured, improved protector ring and 
screen assembly that provides protection for, and structural integrity to, the membrane 
and electrode, without adversely affecting the cell's mass flow characteristics. 

10 

Summary of the Invention 

The above-described drawbacks and disadvantages of the prior art are alleviated 
by the integrated screen and protector ring, improved screen assembly, and 
electrochemical cell of the present invention. The integrated screen and protector ring 
1 5 comprises: at least one screen layer having openings and an integral protector edge 
about its periphery. 

The improved screen assembly of the present invention comprises: a first 
screen layer having first openings and an integral protector edge about its periphery; 
and at least one subsequent screen layer having second openings, wherein said 
20 subsequent screen layer is disposed parallel to and in contact with said first screen 
layer. 

The electrochemical cell of the present invention comprises: a membrane; an 
electrode disposed on each side of the membrane; and a screen assembly disposed 
adjacent to each of the electrodes, with at least one of the screen assemblies having a 
25 first screen layer having first openings and an integral protector edge about its 
periphery. 

The above discussed and other features and advantages of the present invention 
will be appreciated and understood by those skilled in the art from the following 
detailed description and drawings. 



30 
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Brief Description of the Drawings 

Referring now to the drawings wherein like elements are numbered alike in the 
several Figures: 

Figure 1 is a schematic diagram of a prior art electrochemical cell showing an 
5 electrochemical reaction; 

Figure 2 is a cross sectional view of a conventional electrochemical cell 
showing the relationship between the active site and the cell frame; 

Figure 3 is a cross sectional view of an electrochemical cell showing the 
relationship of the cell components; 
1 0 Figure 4 is a partial view of the integrated membrane and electrode screen 

support and protector ring of the present invention; and 

Figure 5 is a cross sectional view of the electrochemical cell of the present 
invention showing the incorporation of the integrated membrane and electrode support 
screen and protector ring. 
1 5 The Figures are meant to further illustrate the present invention and not to limit 

the scope thereof. 

Detailed Description of the Preferred Embodiment 

The integrated screen and protector edge of the present invention comprises a 

20 combination of a screen and a protector ring for an electrochemical cell in a single 
. component. Referring to Figure 3, the basic electrochemical cell 1 includes proton 
exchange membrane 8 having an anode electrode 3 and a cathode electrode 7 bonded to 
either side, with the periphery of membrane 8 installed between a pair of cell frames 21 . 
Oxygen screen pack 43 is installed inside the active area of the frame assembly 

25 between anode 3 and oxygen separator plate 45, while hydrogen screen pack 22 is 
installed inside of cell frame 21 between hydrogen separator plate 24 and cathode 7. 

hi the operation of one embodiment of an electrochemical cell of the present 
invention, process water 2 enters inlet port 25 and a portion of the water is diverted into 
oxygen screen pack 43. A portion of the water 2, not diverted into screen pack 43, 

30 continues along conduit 25 formed by axially aligned holes in the components 
comprising the stack and enters subsequent cells in the cell stack (not shown) 
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positioned outside of the cell 1. The portion of process water 2 diverted through screen 
pack 43 contacts anode 3 where the water electrochemically converts to oxygen gas and 
protons. Oxygen gas and excess water are exhausted from the cell through similar 
porting arrangements as those which directed the water to the anode 3. The generation 
5 of gases in the cell combined with external pressure regulation produces a large 

pressure differential between the oxygen side and the hydrogen side of the cell. This 
pressure differential forces membrane 8 and cathode 7 against the opposing screen 
pack. It should be noted that the direction of the pressure differential (greater or lower 
pressure on the cathode side) is dependent upon the application requirements of the 

1 0 electrochemical system. 

Figure 4 shows an embodiment of the present invention with a partial view of 
the screen 1 12 with an integral protector edge 1 14 about its periphery. Although the 
integrated screen and protector edge 1 10 can be formed as one component or formed 
individually and bonded together, it is preferred to form this integrated component as 

15 one component, eliminating bonding requirements and possible problems, such as 
delamination, associated therewith. Possible production processes include those 
commonly known in the art, including, but not limited to, photochemical etching or 
laser cutting, which are preferred processes because they are inexpensive and they 
produce little waste. 

20 The screen portion 1 1 2 of the integrated screen and protector edge 110 should 

be formed from an electrically conductive material. Possible materials for the 
integrated screen portion 112 include metals, polymers, and combinations thereof 
suitable for use with electrochemical cells, preferably in the form of a thin sheet. The 
thickness of the sheet, which is system dependent, is typically less than about 0.005 

25 inches, with about 0.002 inches to about 0.004 inches preferred, and about 0.0025 
inches to about 0.0035 inches especially preferred. Suitable metals and polymers 
include steel, such as stainless steel, nickel, niobium, zirconium, cobalt, tantalum, 
titanium, elastomers, thermoplastic or thermosetting polymers, ceramics, 
polyetherimide, polysulfone, polyether sulfone, polyethylether ketone, and other 

30 metals, metal alloys, other materials, and polymers, and mixtures and combinations 
thereof. 
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Although the integrated screen and protector edge 1 10 can be employed as the 
membrane support/fluid flow field, it is typically utilized in a subassembly 134 
comprising the integrated screen protector edge 1 1 0 bonded or otherwise disposed 
adjacent to and in intimate contact with at least one, and preferably a plurality, of 
5 subsequent screen layers 136 (see Figure 5). These screen layers 136 can similarly be 
formed from electrically conductive material, such as etched or perforated sheets or a 
woven metal mesh, and are typically composed of material including steel, such as 
stainless steel, nickel, niobium, zirconium, cobalt, tantalum, titanium, among others and 
alloys thereof. The geometry of the openings in the screen and subsequent screen 

10 layers can range from ovals, circles, and hexagons, to diamonds and other elongated 
shapes. An especially preferred screen assembly for use in electrochemical cells is 
disclosed in commonly assigned U.S. Patent Serial No. 09/102,305, to Trent M. Molter, 
Attorney Docket No. 97-1 801 (herein incorporated by reference). 

The integrated screen and protector edge 1 10 is preferably integrated into the 

15 overall subassembly 134, as shown in Figure 5, via a tack weld process, bonded to the 
supporting frame (i.e. to the integrated screen/protector edge) using an adhesive 
material, or other conventional process known in the art. The tack weld process creates 
a subassembly 1 34 that is easy to handle and is self locating within the cell. 

The integrated screen and protector edge 1 10 or the subassembly 134 supports a 

20 membrane assembly composed of a cathode/membrane/anode arrangement, wherein the 
cathode and anode are disposed in intimate contact with the membrane, and an 
integrated screen-protector edge is disposed in intimate contact with the cathode and 
anode accordingly. The membrane can be any conventional membrane, including, but 
not limited to, proton exchange membranes including homogeneous perfluoroionomers 

25 such as Nafion® (commercially available from E.I. duPont de Nemours and Company, 
Wilmington, DE), ionomer Teflon® composites such as Gore Select® (commercially 
available from W.L. Gore Associates, Inc., Elkton, MD), styrene, divinyl benzene, and 
mixtures thereof. Similarly, the cathode and anode electrodes can be conventional 
electrodes composed of materials such as platinum, palladium, rhodium, carbon, gold, 

30 tantalum, tungsten, ruthenium, iridium, osmium, alloys thereof and other catalysts 
capable of electrolyzing water and producing hydrogen. 
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The advantages of incoiporating the integrated screen and protector edge of the 
present invention into the screen pack subassembly are immediately apparent 
considering the fact that the protector edge 1 14 (See Figure 4), which is an integral part 
of the screen pack protector ring subassembly 134, is no longer subject to mislocation 
5 due to cell pressure cycles. Indeed, it is essentially mechanically locked into its 
position relative to the gap 122 of the electrochemical cell frame 124. Also, the 
protector ring is effectively stabilized due to its combination with the support screen, 
resulting in a stronger, more durable product with a lower fabrication cost relative to 
the production of separate parts. 

10 Further, incorporation of the screen pack subassembly into the electrochemical 

cell, as shown in Figure 5, results advantageously in rigid protection of the membrane 
and electrode assembly 128 from both pressure differentials across the active site of the 
cell, and membrane ruptures that might otherwise be caused by burrs 130 along the 
edge of the screen pack. As such, the present invention represents a substantial 

15 increase in the durability and effective lifetime of electrochemical cells with a low cost 
of fabrication. 

Although the present invention has been described in relation to an electrolysis 
cell, it is understood that the integrated screen and protector edge can be employed in 
all electrochemical cells, e.g. anode feed water and cathode feed water electrolysis 
20 cells, and fuel cells. It is further understood that the details of the electrochemical 

reactions, preferred reactants, and preferred components will change accordingly, as is 
conventionally understood. 

While preferred embodiments have been shown and described, various 
modifications and substitutions may be made thereto without departing from the spirit 
25 and scope of the invention. Accordingly, it is to be understood that the present 
invention has been described by way of illustration and not limitation. 

What is claimed is: 
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CLAIMS 

1 . An integrated screen and protector edge, comprising: 
a screen portion having openings; and 

an integral protector edge disposed about the periphery of said screen portion. 

2. The integrated screen and protector edge of Claiml, wherein said screen portion 
and said protector edge are formed by the process of photochemically etching the 
protector ring to said screen portion. 

3. The integrated screen and protector edge of Claim 1, wherein said screen 
portion and said protector edge are formed by the process of laser cutting said protector 
edge and said screen portion together. 

4. A screen subassembly, comprising: 

a first screen layer having a screen portion having first openings; 

an integral protector edge disposed about the periphery of said screen portion; 

and 

at least one subsequent screen layer having second openings, wherein said 
subsequent screen layer is disposed parallel to and in contact with said first screen 
layer. 

5. The screen subassembly of Claim 4, wherein said first screen layer is tack 
welded to said subsequent screen layer. 
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6. An electrochemical cell, comprising: 
a membrane; 

an electrode disposed on each side of said membrane to form a membrane 
assembly; and 

at least one integral screen protector edge, said screen protector edge having a 
first screen portion having first openings with an integral protector edge disposed about 
the periphery of said first screen portion, said integral screen protector edge disposed in 
intimate contact with said membrane assembly. 

7. An electrochemical cell as in Claim 6, further comprising at least one 
subsequent screen layer having second openings, wherein said subsequent screen layer 
is disposed parallel to and in contact with said first screen portion. 
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